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Summary. — We investigate whether the eﬀects of parents’ in utero malnutrition extend to the second generation (their children). Spe-
ciﬁcally, we explore whether the second generation’s level of schooling is negatively impacted by their parents’ malnutrition in utero,
using the China Famine as a natural experiment. We ﬁnd that, the impact of mother’s in utero malnutrition due to the Famine reduced
second generation male and female entrance into junior secondary school by about 5–7 percentage points. We measure famine severity
with provincial excess death rates instrumented by measures of adverse climate conditions, which corrects for possible biases induced by
measurement errors and omitted variables. Our ﬁndings indicate the existence of an important second-generation multiplier of policies
that support the nutrition of pregnant women and infants in any country where nutritional deﬁciencies remain today.
 2013 Elsevier Ltd. All rights reserved.
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1. INTRODUCTION
While much has been learned about the long-term eﬀects of
malnutrition on adult outcomes of the ﬁrst generation (Bar-
ker, 1997; and much subsequent research), much less is known
about second-generation outcomes. There is substantial evi-
dence that poor infant health, often associated with infant
malnutrition, portends serious consequences for the develop-
ment of human capital throughout an individual’s life (Alder-
man, Behrman, Lavy, & Menon, 2001; Currie, Stabile,
Manivong, & Roos, 2010; Handa & Peterman, 2007; Oreopo-
ulos, Stabile, Walid, & Roos, 2008). It should not be surpris-
ing, then, that poor infant health may frequently be associated
with a parent’s early-life malnutrition experience.
There are two potential paths through which ﬁrst-genera-
tion’s early-life malnutrition shocks may impact the human
capital accumulation of the second generation: First, the child
of a famine-born parent (or of a parent who experienced fam-
ine in early infancy) may suﬀer due to famine-induced defects
in the parental reproductory system (ova or sperm) (direct
channel—see Figure 1). Epidemiological studies suggest that
“adverse in utero experiences may permanently aﬀect maternal
growth and development, altering [the mother’s] metabolism
in such a way as to provide an adverse environment for her fe-
tus (Drake & Walker, 2004).” Drake, Walker, and Seckl
(2005) report second-generation impact of patrilineal
nutritional shock in rats. Patrilineal transmission of in utero
shock to the second generation is reported by Franklin et al.
(2010) in animal laboratory experiment, and Pembrey (2010)
summarizes second-generation patrilineal impact of variation
in food supply to the second generation of humans based on
Swedish data.
Second, parents born around the time of famine tend to ac-
quire lower social and economic status (SES) than those born
outside the famine period and this in turn may lead to lower
human capital development among their children than the
children would otherwise acquire (indirect channel). Deﬁcien-
cies in scheduled brain and body development in prenatal peri-
ods of life are likely to have cumulative eﬀects on the
productivity of future investments and, hence, the lifetime
accumulation of human capital. Moreover, acquired school-
ing, earning capacity, income, available marriage partners,
and other factors aﬀecting child-rearing potential are likely
to be negatively impacted by in utero exposure to famine (Vic-
toria et al., 2008). Using the 2000 China Census, Almond, Edl-
und, Li, and Zhang (2010) show that men and women born
during the China Famine are more likely to be illiterate, not
working, and to live in smaller houses. There is abundant evi-
dence that socioeconomic characteristics of parents including
their schooling and income are related to the schooling of their
children. Evidence of such socioeconomic impacts on chil-
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dren’s schooling in China and references to the broader liter-
ature can be found in Heckman and Li (2004), Hannum and
Wang (2006), and Wang, Fleisher, Li, and Li (2011).
In this paper, we report evidence from the China Great Leap
Forward famine (China Famine) that parental in utero malnu-
trition adversely impacts the human capital of their oﬀspring
(the second generation). The China Famine, generally recog-
nized as the worst in world history as measured by mortality
and length (Li & Yang, 2005), provides a natural experiment
from which information on second-generation eﬀects of mal-
nutrition, depicted in Figure 1 as “perpetuation of ﬁrst-gener-
ation insult” can be obtained.
Speciﬁcally, we ﬁnd that both female and male oﬀspring of
parents who were born in the Famine years are less likely to
enter junior secondary school, and this impact is quantita-
tively important. Approximately a 5–7 percentage point smal-
ler proportion of the children of mothers from the most
severely famine-impacted provinces enter junior secondary
school than would otherwise have done so. Our ﬁndings of
the existence of second-generation eﬀects on human capital
development imply extended beneﬁts for policies that support
the nutrition of pregnant women and infants in any country
where nutritional deﬁciencies remain today.
In earlier work, we examined health outcomes using data
from the China Health and Nutritional Survey. The
qualitative results for health outcomes using the CHNS are
consistent with our ﬁndings on education outcomes (i.e., in
utero exposure to famine negatively aﬀects measures of health
in the second generation.) However, usable sample sizes are
small (fewer than 800 observations meeting criteria required
for this research), and the estimated eﬀects are imprecise.
We do not have comparable health measures from the census
data. Additional reasons for focusing on middle school enroll-
ment are: (a) elementary school enrollment in China is manda-
tory, and (b) there are many children who leave their family
when they enter high school, and thus they do not appear in
our sample (some of them left their home to work in urban
areas or some left their home to study at a more prestigious
high school.).
Ideally, the severity of malnutrition would be better mea-
sured by caloric intake measured at an individual level. Unfor-
tunately, we do not have such data, and thus we follow the
literature with our key assumption that the provincial excess
death rate (EDR) around the famine years is a reasonable
proxy for the severity of malnutrition.
The rest of this paper is organized as follows. The next
section presents a brief history of the China Famine. Section 3
reviews literature related to the impact of the famine on ﬁrst-
generation human capital and labor market outcomes;
Section 4 discusses methodological issues and presents our
analytical framework; Section 5 describes the data and sample
selection; Section 6 reports the estimation results, and Section 7
Figure 1. First- and second-generation direct eﬀects of fetal programing. Note: Drake et al. (2005) report second-generation epigenetic eﬀects of in utero
exposure to nutritional shock through the male line as well. Source: Drake and Walker (2004).
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concludes, with policy implications and suggestions for further
research.
2. BRIEF HISTORY OF THE CHINA FAMINE
In 1958, Mao Zedong initiated an ambitious but reckless
economic and social experiment, the Great Leap Forward
(GLF) movement, which was intended to transform rural Chi-
na into industrial China and thus to catch up with Russia in a
quarter century and the United States in half a century (Li &
Yang, 2005). The China Famine was a direct consequence of
the GLF movement interacting with other poorly designed
government policies that included excessive forced grain pro-
curement, which in turn was encouraged by local cadres’
incentives to exaggerate output and the government’s igno-
rance of local conditions. The famine was further exacerbated
by exports of grain for foreign exchange to procure imports of
required physical capital (Lin & Yang, 2000). These negative
inﬂuences interacted with severe weather conditions to pro-
duce a decline in China’s grain output of 15% in 1959 and
an additional 16% in 1960 (Li & Yang, 2005). The sudden col-
lapse of grain supply along with minimal will to redistribute
grain among rural areas resulted in around 16–30 million ex-
cess deaths during 1959–61 (Chen & Zhou, 2007; Li & Yang,
2005; Luo, Mu, & Zhang, 2006). The famine was widespread
all over China but exhibited large regional variation (Table 1).
Moreover, urban bias on the part of the Communist regime
meant that urban residents suﬀered much less, because they
had preferential access to food supplies (Lin & Yang, 2000).
After realizing the severity of the famine, the Communist
party changed course in January 1962. Agricultural output
rebounded and grain imports increased. Equally or more
important, forced procurement of grain was reduced. Death
rates dropped quickly and birth rates rebounded, although
in a more complex fashion (Figure 2). After increasing sharply
in 1962 and 1963, birth rates started to drop in 1964; this ﬂuc-
tuation suggests the inﬂuence of selective child-bearing deci-
sions of parents (Shi, 2011).
3. RELATED LITERATURE
The motivating theme for much of the literature relevant to
this study is conceptually based on the Barker hypothesis, also
known as the fetal origin hypothesis (Barker, 1992). The
Table 1. Annual death rates by province (per 10,000)
Province 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966
Beijing 8.6 9.5 7.7 8.2 8.1 9.7 9.1 10.8 8.8 8.1 8.3 6.8 7.2
Tianjin 9.3 9.9 8.8 9.4 8.7 9.9 10.3 9.9 7.4 7.3 7.8 6.2 6.9
Hebei 12.1 11.6 11.3 11.3 10.9 12.3 15.8 13.6 9.1 11.2 10.9 8.7 8.7
Shanxi 14.7 12.9 11.6 12.7 11.7 12.8 14.2 12.2 11.3 11.4 14 10.4 10.3
Neimonggu 20.9 11.4 7.9 10.5 7.9 11 9.4 8.8 9 8.5 11.8 9.3 8.1
Liaoning 8.6 9.4 6.6 9.4 8.8 11.8 11.5 17.5 8.5 7.9 9.3 7.1 6.2
Jilin 10.4 9.9 7.5 9.1 9.1 13.4 10.1 12.1 10 9.4 12.6 9.7 8.6
Heilongjiang 11.1 11.3 10.1 10.5 9.2 12.8 10.5 11.1 8.6 8.6 11.5 8 7.4
Shanghai 7.1 8.2 6.6 6.1 6.2 7.8 6.9 7.7 7.2 7 6.1 5.7 5.3
Jiangsu 12.2 11.8 13 10.3 9.4 14.6 18.4 13.4 10.4 9 10.1 9.5 8.1
Zhejiang 13.4 12.6 9.5 9.3 9.2 10.8 11.9 9.8 8.6 7.9 7.9 8.1 7.1
Anhui 16.6 11.8 14.3 9.1 12.4 16.7 68.6 8.1 8.2 7.9 8.6 7.2 7.1
Fujian 10.9 10.4 10.2 9.8 9.4 12.5 20.7 16 11.7 9.3 8.7 7.9 7.7
Jiangxi 14.2 16.2 12.5 11.5 11.3 13 16.1 11.5 11 9.8 10.9 9.4 8.5
Shandong 11.7 13.7 12.1 12.1 12.8 18.2 23.6 18.4 12.4 11.8 12 10.2 9.9
Henan 13.3 11.8 14 11.8 12.7 14.1 39.6 10.2 8 9.4 10.6 8.5 8.2
Hubei 15.9 11.6 10.8 9.6 9.6 14.5 21.2 9.1 8.8 9.8 10.9 10 9.7
Hunan 17.5 16.4 11.5 10.4 11.7 13 29.4 17.5 10.2 10.3 12.9 11.2 10.2
Guangdong 11.2 10.6 11.1 8.4 9.2 11.1 15.2 10.8 9.4 7.6 8.3 6.8 6.4
Guangxi 15.2 14.6 12.5 12.4 11.7 17.5 29.5 19.5 10.3 10.1 10.6 9 7.5
Sichuan 8.4 9.2 10.4 12.1 25.2 47 54 29.4 14.6 12.8 13.9 11.5 10.8
Guizhou 12.2 16.2 13 12.4 15.3 20.3 52.3 23.3 11.6 17.1 20.7 15.2 13.5
Yunnan 16.7 13.7 15.2 16.3 21.6 18 26.3 11.8 10.9 14.1 15.2 13 10.8
Shannxi 11 10.5 9.9 10.3 11 12.7 12.3 8.8 9.4 10.6 15.6 13 12.9
Gansu 11.6 11.9 10.8 11.3 21.1 17.4 41.3 11.5 8.3 10.4 15.6 12.3 11.5
Qinghai 13.3 14.6 9.4 10.4 13 16.6 40.7 11.7 5.4 8.4 15.5 9.1 9.7
Ningxia 13.1 10.2 10.6 11.1 15 15.8 13.9 10.7 8.5 10.2 13.4 9.3 9.4
Xinjiang 16.8 14.4 14.2 14 13 18.8 15.7 11.7 9.7 9.4 16.4 11.1 9.4
Nation 12.8 12 10.8 10.7 12 15.1 23.2 13.1 9.5 9.8 11.8 9.4 8.8
Source: Shi (2011).
Figure 2. National death rates and birth rates (unit: 0.1%). Source: Shi
(2011). The statistics are originally from the China National Bureau of
Statistics.
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Barker hypothesis states that a variety of human characteris-
tics are determined in utero. Researchers have documented a
number of long-term adverse eﬀects of malnutrition in utero
or in infancy on ﬁrst-generation outcomes in adults born dur-
ing several major famines. These include physical impacts such
as mortality, heart diseases, and stunted height, mental prob-
lems such as schizophrenia, and economic outcomes, such as
house size, household income, and related variables (Almond
et al., 2010; Almond &Mazumder, 2011; Behrman, Alderman,
& Hoddinott, 2004; Chen & Zhou, 2007; Fung, 2009; Luo
et al., 2006; Meng & Qian, 2009; Mu & Zhang, 2011; Rose-
boom et al., 2001; Shi, 2011; Song, 2009; Song, Wang, &
Hu, 2009; Yamauchi, 2008). However, there has been little re-
search on second-generation impacts of famine.
(a) First-generation eﬀects
Almond et al. (2010, chap. 9) use data from the 2000 China
Population Census (which is our principal data source) to
show that among individuals born around the time of the Chi-
na Famine, adult literacy, house size, working ability, and the
probability of being married are all less than those character-
istics of the general population who were born outside the
famine period. Shi (2011) ﬁnds similar results on adult out-
comes using the same 2000 China Population Census data
and provides evidence implying that only healthier women
conceived children during the famine, while otherwise similar,
but weaker, women began conceiving shortly after the famine.
The main contribution of Shi (2011) is to show that the long-
term eﬀects of famine experience on the ﬁrst generation be-
come stronger when fertility selection is accounted for. Using
data from the China Health and Nutrition Survey (hereafter,
CHNS), Chen and Zhou (2007) and Meng and Qian (2009)
provide evidence that those who experienced the China Fam-
ine in utero or in infancy have lower height, supply less labor,
receive lower earnings, and have other characteristics indicat-
ing a negative impact on their human capital. With the same
data, Fung (2009) ﬁnds that women who experienced the fam-
ine in early life are more likely to have a higher body mass in-
dex (BMI) and to be obese. The literature investigating people
born around the Dutch famine yields similar results: Rose-
boom et al. (2001) show that fetal malnutrition negatively af-
fected physical health outcomes in later lives.
Prenatal exposure to famine has been shown also to have
negative impacts on mental health. For example, Susser and
Lin (1992) show that those who experienced the Dutch Fam-
ine in utero exhibited a twofold increase in the risk of schizo-
phrenia. A negative impact on adult antisocial personality
disorders is also reported among those exposed to the Dutch
Famine in utero (Neugebauer, Hoke, & Susser, 1999). Clair
et al. (2005) ﬁnd similar results among the China Famine co-
hort. Luo et al. (2006) and Mu and Zhang (2011) report per-
suasive evidence that females are more likely to survive pre-
natal and/or early infancy exposure to malnutrition, but are
also more likely to present later-life adverse eﬀects than are
males. We hypothesize that this pro-female survival increases
the probability of famine eﬀects being passed through to the
second generation.
(b) Second-generation eﬀects
There are very few studies of second-generation eﬀects of fetal
malnutrition and even fewer studies that explore second-gener-
ation eﬀects on acquired schooling. Two studies based on the
China Famine report some second-generation eﬀects. Almond
et al. (2010, chap. 9) report an increase in the ratio of female
births in the second generation based on the 2000 China Popu-
lationCensus—quite surprising at ﬁrst sight when one considers
China’s well-known son preference. The authors interpret this
increase in female births to be consistent with the Trivers–Wil-
lard hypothesis, which states that “evolution would favor
parental ability to vary the sex ratio of oﬀspring according to
condition: parents in poor condition would biologically favor
daughters and parents in good condition would favor sons”
(Trivers & Willard, 1973). Almond and Chay (2006) show that
US black women who had favorable early-life conditions are
less likely to have low birth weight children. Fung and Ha
(2010) study the second generation eﬀects of early-life malnutri-
tion and ﬁnd adverse second-generation eﬀects of individuals
whose mothers were born during the China Famine, such as
lower height-for-age, lower weight-for-age, and fewer years of
schooling. They use the 1989, 1991, and 1993 CHNS waves in
which the oﬀspring of famine-born cohorts are mostly very
young. Consequently, later-life schooling outcomes can be ob-
served only infrequently. A problem with the Fung and Ha
study is that their choice of a 6–18 years age range for their sam-
ple could be problematic. One troublesome issue is that the
mothers of oﬀspring who are older than 12 years in these data
must have conceived them at very early ages. For example, a
child who was 15 years old in 1989 and whose mother was born
in 1960, during the China Famine, was conceived when the
mother was only 14 years old. Those mothers who conceived
their children in their adolescent years might be quite diﬀerent
from other women in terms of unobserved heterogeneity.
There are a few studies of second-generation eﬀects of a
mother’s early-life malnutrition that do not rely on famines
as natural experiments. Second-generation outcomes exam-
ined include birth weight, height, cardiovascular diseases, test
scores, and other markers (Currie & Moretti, 2007; Drake &
Walker, 2004; Drake et al., 2005; Emanuel, Kimpo, & Moceri,
2004; Franklin et al., 2010; Pembrey, 2010). Drake and Walker
(2004) argue that adverse fetal environments such as malnutri-
tion may harm maternal development which changes maternal
metabolism and through her fetus; Drake et al. (2005) identify
patrilineal epigenetic eﬀects of nutritional shocks in the second
generation of rats; and Pembrey (2010) discusses Swedish epi-
demiological evidence of second-generation patrilineal impact
of nutritional shocks in humans.
4. METHODOLOGY
Our major hypothesis is that the impact of a parent’s in ute-
ro malnutrition on the development of their oﬀspring is nega-
tive. Our approach is to use province-year level death rates
weighted by birth month as a measure of parental exposure
to in utero and early childhood malnutrition in regression
analysis of the probability that their these parents’ children
(the second generation) enter junior secondary school.
By “secondary school” we refer to what is literally desig-
nated “middle school” in China. Junior middle school corre-
sponds roughly to 6th–8th grades, or what is often referred
to as “middle school” in the United States. In principle, we
would also test the hypothesis that entrance into senior sec-
ondary school is reduced. However, we do not observe junior
secondary school graduates who have left their parents’ homes
to work elsewhere, which is not uncommon in rural areas.
Thus the Census sample that includes oﬀspring of senior-sec-
ondary school age is biased in favor of oﬀspring who have en-
tered or who will enter senior secondary school.
We assume a linear probability model, which is convenient
for the presentation and interpretation of the estimation
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results and can handle 2SLS and ﬁxed eﬀects estimation easily.
We have estimated all relationships using ordinary probit and
two-step (IV) probit, as well. The OLS and 2SLS results are
almost identical to their probit counterparts.
(a) Econometric model
Our basic model for identifying the impact of famine on the
outcomes listed above is represented by the following equa-
tion:
Y ijkl ¼ bWEDRjkl þ dj þ sl þ eijkl; ð1Þ
where the subscripts i represents an individual, j a birth year, k
a birth month, and l a birth province. Following Almond et al.
(2010, chap. 9), the death rate for each observation is weighted
according to the number of months a second-generation’s
mother was in utero during year j and in year j  1 for individ-
uals born in the ﬁrst 8 months of year j (based on a 9-month
gestation period). Thus, for individuals born in September–
December, the weighted excess death rate is identical to the
birth year’s excess death rate, because conception occurred
in the year of birth, i.e., k = 9, . . ., 12. For those born in Jan-
uary–August, i.e., k = 1, . . .., 8. 1
WEDRjkl ¼ k
9
EDRj;l þ 9 k
9
EDRj1;l:
Our main goal is to estimate b. Since we do not specify the
full structure of school entrance decisions of children, i.e., util-
ity of parents and children, budget and time constraints, and
various forms of uncertainty, we do not have a precise theo-
retic interpretation of b. It captures the eﬀects of a parent’s
in utero malnutrition on a child’s junior secondary school en-
trance through all channels of the decision making process,
including utility, biological and budget constraints, and uncer-
tainties.
(b) Econometric challenges
There are several challenges to unbiased estimation that
arise from the nature of what is an essentially a socio-biolog-
ical experiment conducted outside the laboratory.
(i) Famine impact on fecundity, survival, and marriage
Necessarily, estimates of second-generation eﬀects of a par-
ent’s in utero malnutrition are conditional on conception and
survival of both ﬁrst generation mothers and of their oﬀspring.
It is likely that during the China Famine, both behavioral and
health factors aﬀected fecundity and decisions to marry and to
have children (the ﬁrst generation). In addition, surviving wo-
men conceived under adverse conditions may bear traits that
have aﬀected their fecundity, their desire to conceive and bear
children (the second generation), and the survival probabilities
of their (second-generation) children (Chen & Zhou, 2007).
During the famine period, birth rates dropped signiﬁcantly
while death rates surged (Figure 2). Peng (1987) argues that
about 25 million potential births were lost or delayed due to
the China Famine because of adverse health and economic im-
pacts on the famine-exposed child-bearing generation. We be-
lieve that our inability to control for unobserved heterogeneity
related with child-bearing decisions in the ﬁrst-generation is
likely to bias our empirical results against rejecting the null
of no famine impact on the second generation. This belief is
supported with evidence reported by Shi (2011), who shows
that the parents of children who were born during the China
Famine were more likely to have been living in an area that
was not as severely aﬀected as other regions in the same prov-
ince 2 and/or were of a higher socioeconomic status at the tim-
ing of their oﬀspring’s conception. Both factors are likely to
have contributed positively to the innate traits and life out-
comes of (ﬁrst-generation) parents born during the famine per-
iod. Thus, estimate of famine eﬀects are obscured when this
fertility selection is not controlled, and Shi’s (2011) ﬁnding
suggests that our estimates are a lower bound of the famine ef-
fects.
A possible omitted variable is adverse impacts of the Cul-
tural Revolution (1966–1976) on the parents (the ﬁrst-genera-
tion) of the second-generation oﬀspring who are the subject of
our study. We believe that any such bias would be small if it
exists at all, largely because the Famine aﬀected mainly rural
residents, while the Cultural Revolution impacted mainly ur-
ban residents. Moreover, Meng and Qian (2009, p. 8) state,
“Famine stricken regions are not known to have received spe-
cial treatment from the government which could confound our
estimates.”
As Almond et al. (2010, chap. 9) also show, the Famine ap-
pears to have led to a higher proportion of women and men
who never married. We believe that these never-married wo-
men and men are more likely to have been adversely impacted
by the Famine and would have produced children who were
less likely to achieve high levels of human-capital development
than the children of men and women who did marry. Thus,
selective marriage by famine survivors will bias our estimation
results against rejecting the null hypothesis of no malnutrition
eﬀect.
In the absence of controlled-experimental data, we recognize
that estimates of second-generation eﬀects are conditional on
unobserved and (in human populations) probably unobserv-
able intervening conditions. In the remainder of this paper,
we recognize that all estimation and interpretation is condi-
tional on the presence of possible conception, survival, and
marriage biases aﬀecting both the ﬁrst- and second genera-
tions. We believe that on balance our inability to observe these
conditions biases our estimation results against rejecting the
null hypothesis of no malnutrition eﬀects.
(ii) Measurement error
We recognize that the variable EDR measures the nutrition
available to individual mothers with error. One source of error
is that EDR is derived from a weighted average of annual
death rates for a province. This errors-in-variables problem
leads to attenuation bias against rejecting the null hypothesis
of no eﬀect when the null is false.
(iii) Rural–urban migration
Another source of bias is related to classifying families
according to whether they live in rural or urban areas. We
can identify a parent’s birth province, and we can identify ur-
ban residents with rural hukou. If there has been selective rur-
al–urban migration, the rural sample may have lost ﬁrst-
generation mothers with traits that favor human capital accu-
mulation in themselves and their oﬀspring, and this selectivity
would bias estimation results based on the rural sample alone
in favor of rejecting the null of no malnutrition eﬀect.
(iv) Other omitted variables
EDR may be correlated with unobserved time-varying local
government actions that inﬂuence parents’ and children’s
health and other forms of human capital. The behavioral
determinants of famine are well documented in both the theo-
retical and empirical literature (Li & Yang, 2005; Lin and
Yang, 1998; Lin and Yang, 2000; Meng, Qian, & Yard,
2010; Sen, 1981a, 1981b). Variation in nutritional insuﬃciency
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is likely to be due not only to climatic and policy shocks exog-
enous to local government decisions, but also to the ways in
which governments at various levels behaved, including decid-
ing how much grain output to report. 3 It is plausible that pro-
vincial and local government decisions that partially explain
local famine severity were correlated with policies toward pub-
lic health, education, and other publicly provided services that
aﬀected ﬁrst-generation human-capital formation which in
turn can aﬀect second-generation human capital formation.
We conjecture that omission of these variables from OLS
regression would bias our estimates in favor of rejecting the
null of no famine impact on the second generation. In order
to eliminate bias caused by measurement error and unob-
served heterogeneity, we estimate all relationships using a
2SLS procedure in which we instrument EDR with ﬁve dum-
my variables representing time- and province-varying weather
conditions as used by Li and Yang (2005). They note (p. 856)
that their weather data are “consistent with Kueh (1995)” [in
showing] that bad weather coincided with the collapse of grain
output in the period 1959–61. These variables are derived from
a survey conducted by Li and Yang as described in detail in an
Appendix to their paper. 4 In personal communication to one
of the authors, Yang (paraphrasing their Appendix) writes
“. . . the ﬁrst eﬀort was to collect the data using archived his-
torical and statistical (including meteorological) records.
When the information [was] incomplete, we then ask[ed] local
‘agricultural experts and local academic researchers’ to ‘assess,
estimate, and supplement the missing data.’” The author
(Yang) further notes, “One would think that these experts
are independent of the government operations at that time
and potentially critical of the government GLF policies. While
one can[not] avoid . . .measurement error, the direction of bias
in reporting is unclear.”
Our identifying assumption is that weather conditions when
a ﬁrst-generation parent was in utero aﬀect the human capital
investment decisions of the second-generation only through
nutritional shocks reﬂected in the ﬁrst generation parent’s ex-
cess death rates associated with the gestation of ﬁrst-genera-
tion parents. We thus estimate the Famine impact using a
two-step procedure (two-stage least squares) in which death
rates are regressed on weather-related variables (the instru-
mental variables). The instrumental variables pertain to a per-
iod well before the birth dates of our second-generation
sample and by their nature are very unlikely to be correlated
with residuals of the second-generation human-capital out-
come regressions. This critical assumption would be violated
if, for example, “expert” reports of weather conditions prevail-
ing during the GLF period (as described in the preceding par-
agraph) are biased in an attempt to blame external factors for
local government failures that exacerbated grain shortages.
We argue above that the critical assumption is not violated
in our data. 5
Finally, all of our estimation results include dummy vari-
ables for a parent’s birth province and birth year. We believe
that these ﬁxed eﬀects are likely to control for much and per-
haps most inter-temporal and interprovincial variation in
omitted variables.
5. DATA AND SAMPLE SELECTION
Our data come from the 0.1% China Census of Population
2000, and the sample covers 31 provinces with 1.18 million
observations. Tibet and Hainan are dropped because the re-
quired mortality data are not available. 6 A unique advantage
of the 2000 census is the availability of birth provinces, which
makes it possible to relate oﬀspring’s data to the province-spe-
ciﬁc famine exposure of their mothers. 7 Our sample represents
all children with mothers born in the period 1954 through
1966 (ﬁve years before and after the China Famine). 8 Further
restrictions limit children’s ages as appropriate for the school-
ing level studied. Since we explore the eﬀect of parental malnu-
trition on the probability of their oﬀspring entering junior
secondary school, we include only children age 13–15. We di-
vide our sample into male and female oﬀspring. We report
estimation results based on the combined rural and urban
samples even though the China Famine is by and large a rural
phenomenon. The combined sample helps us to avoid sample
selection bias caused by selective migration to urban areas of
the least severely famine-impacted rural residents. We also re-
port selected results for two other samples: rural only and rur-
al plus urban residents with rural hukou. Sample statistics are
presented in Table 2. The ﬁrst column in each table shows the
sample mean weighted deaths per 1,000 persons (EDR) for
each year covered by our data, 1954 through 1966. 9 The mean
EDR over the sample years for the 13–15 age-group is 1.14
and reaches a high of 10.36 in 1960. 10
The other sample statistics shown in Table 2 are the propor-
tion of mothers in each subgroup who were born in each year
and the proportion of oﬀspring who entered the junior second-
ary schooling level in each year. The sample distribution
across mothers’ birth years is related to the age of the oﬀspring
subgroups. There is a visible decline in the frequency of births
during the famine years 1959–61 among rural mothers ob-
served in the year 2000, but none among urban-residing moth-
ers. This pattern is consistent with the fact that the China
Famine aﬀected the rural areas more severely.
The proportion of oﬀspring entering junior secondary
school is larger for the urban oﬀspring than for rural oﬀspring.
The mean proportion of rural males entering junior secondary
school is slightly larger than that for rural females, but the
gender gap is negligible among urban oﬀspring. There is a
downward trend across mothers’ birth year in the proportion
of oﬀspring entering junior secondary school. We attribute
this decline not to a falling level of schooling attainment,
but rather to declining average age of the oﬀspring as mothers’
birth year moves from 1954 through 1966. Our inclusion of
dummy variables for mothers’ birth year in all our estimations
should control for this age-related phenomenon.
6. ESTIMATION RESULTS
Our ordinary- and two-stage least squares estimation results
are reported in Table 3. In columns (1) through (12), we show
OLS and 2SLS estimation results for the rural sample, and in
columns (13) through (18) we show 2SLS estimations results
with only mother’s EDR as a regressor for three samples: rural
only; rural plus urban residents with rural hukou; and rural
plus all urban residents. We report the estimated impact of
our famine proxy, the excess death rate, on the entrance of
male and female youth, respectively, into junior secondary
school. Table 3 contains estimated regression coeﬃcients and
their t-values, as well as the EDR regression coeﬃcients mul-
tiplied by one standard deviation of EDR. First-stage estima-
tion results are shown in Table 4.
(a) Male youth
The OLS and 2SLS estimation results for male youth are re-
ported in columns (1) through (3) and (4) through (6), respec-
tively. In column (1) we see that the estimated regression
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coeﬃcient of mother’s EDR is negative and statistically signif-
icant as hypothesized. The magnitude of this eﬀect can be in-
ferred from the number 0.016 in brackets, which indicates
that a one standard deviation increase in EDR is associated
with a 1.6 percentage-point reduced probability of entering ju-
nior secondary school for male second-generation oﬀspring. 11
Table 3. Dependent variable junior secondary school entrance
Regressors 1 2 3 4 5 6 7 8 9 10 11 12
Rural residents
Male Female
OLS 2SLS OLS 2SLS
Mother EDR in utero 3.29 2.99 14.84 12.65 2.70 2.38 14.11 10.63
(4.44) (4.20) (2.34) (2.02) (3.80) (3.32) (2.27) (1.70)
[0.016] [0.015] [0.074] [0.063] [0.014] [0.012] [0.071] [0.053]
Father EDR in utero 2.50 2.09 0.10 0.10 1.54 1.09 4.45 3.53
(3.08) (2.63) (0.02) 0.02 (3.19) (2.34) (0.74) (0.59)
[0.013] [0.010] [0.0005] [0.0005] [0.008] [0.005] [0.023] [0.018]
R-sq. 0.055 0.054 0.062 0.042 0.050 0.044 0.047 0.047 0.052 0.036 0.044 0.044
N 19,079 19,079 19,079 18,678 18,189 18,175 17,662 17,662 17,662 17,277 16,852 16,833
Sargan stat 2.05 4.95 10.42 5.22 0.66 4.65
(p-value) 0.56 0.18 0.11 0.16 0.88 0.59
Male 2SLS Female 2SLS
13 14 15 16 17 18
Rural sample
(same as column
4)
Rural + urban/
rural hukou
Rural + urban Rural sample
(same as column
10)
Rural + urban/
rural hukou
Rural + urban
Mother EDR in utero 14.84 10.61 11.89 14.11 12.82 11.71
(2.34) (1.84) (2.27) (2.27) (2.23) (2.20)
[.074] [0.053] [0.059] [0.071] [0.064] [0.059]
R-sq. 0.042 0.047 0.043 0.036 0.037 0.038
N 18,678 21,303 22,158 17,277 19,628 20,404
Sargan stat 2.05 3.65 6.01 5.22 3.95 4.45
(p-value) 0.56 0.30 0.11 0.16 0.37 0.38
Notes:
(i) Product of marginal probability at mean and one standard deviation of regressor in brackets. T-statistics in parentheses Standard errors are clustered
over provinces.
(ii) All estimates include dummy variables for parents’ birth provinces, parents’ birth years.
(iii) Sample descriptions. Junior HS: age 13–15 in 2000; mothers born 1954–1966 (age 34–46 in 2000) and fathers born 1950–1966; youngest possible age of
mother at birth of child 19 years; oldest possible 33 years.; mothers born 1954–1966 (age 34–46 in 2000) and fathers born 1950–1966; youngest possible
age of mother at birth of child 16 years; oldest possible 30 years; oldest possible 30 years.
Table 2. Sample statistics (junior secondary school)
Oﬀspring characteristics age 13–15 in 2000
Mother’s
birth year
Rural Urban
Mean EDR Females (17,662) Males(19,079) Females (3,410) Males (3,790)
Mothers
born %
Entered
J. HS %
Mothers
born %
Entered
J. HS %
Mothers
born %
Entered
J. HS %
Mothers
born %
Entered
J. HS %
1954 1.77 3.10 71.2 3.27 74.6 2.58 96.6 2.98 91.2
1955 1.12 4.05 68.0 4.40 72.5 2.73 93.5 3.38 92.2
1956 0.73 5.07 71.4 5.47 71.4 3.84 93.9 3.96 95.3
1957 0.08 6.01 70.4 6.14 74.7 5.54 93.7 6.62 92.0
1958 0.75 6.31 68.4 6.36 75.2 6.98 93.8 6.23 93.6
1959 3.48 5.49 69.7 5.55 74.7 7.62 95.4 6.60 92.4
1960 10.36 6.86 69.5 7.04 72.4 9.56 95.1 9.31 95.2
1961 5.97 7.00 67.6 6.93 73.2 9.15 91.7 8.94 93.8
1962 0.24 13.85 70.7 13.89 74.9 16.19 93.8 15.94 92.7
1963 1.08 16.31 71.6 15.80 75.5 16.57 92.7 16.99 91.9
1964 0.08 11.43 68.9 10.89 70.5 9.65 91.2 10.13 92.4
1965 0.83 9.18 67.5 8.56 68.9 6.39 88.5 6.17 87.6
1966 2.02 5.34 62.9 5.71 64.8 3.20 83.5 2.74 81.7
Total or mean 1.14 100 69.4 100 72.8 100 92.8 100 92.3
Note: EDR is for male sample’s mother.
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Table 4. First stage regression for EDR in parent’s birth year, males and females age 13–15 in 2000. Column numbers correspond to Table 3
Regressors (i.e., instrumental variables) 4 5 6 10 11 12
Male Female
Dependent variable (i.e., endogenous variable)
Mother’s
EDR in utero
Father’s
EDR in utero
Mother’s
EDR in utero
Father’s
EDR in utero
Mother’s
EDR in utero
Father’s
EDR in utero
Mother’s
EDR in utero
Father’s
EDR in utero
Mother’s in utero weather condition Very good 6.184*** 6.136*** 0.524*** 6.338*** 6.210*** 0.565
(0.218) (0.230) (0.194) (0.231) (0.259) (0.464)
Good 3.647*** 3.665*** 0.641*** 3.896*** 3.900*** 0.593*
(0.153) (0.174) (0.139) (0.162) (0.167) (0.350)
Average 2.215*** 2.219*** 0.292** 2.542*** 2.485*** 0.528***
(0.167) (0.176) (0.131) (0.171) (0.174) (0.147)
Bad 2.330*** 2.355*** 0.355** 2.442*** 2.393*** 0.336**
(0.165) (0.167) (0.148) (0.177) (0.176) (0.155)
Father’s in utero weather condition Very good 5.167*** 0.379** 5.114*** 5.636*** 0.379* 5.640***
(0.188) (0.179) (0.212) (0.202) (0.202) (0.303)
Good 3.489*** 0.054 3.473*** 3.510*** 0.185 3.517***
(0.133) (0.147) (0.148) (0.143) (0.267) (0.201)
Average 2.179*** 0.222* 2.159*** 2.372*** 0.064 2.345***
(0.146) (0.128) (0.146) (0.153) (0.156) (0.198)
Bad 1.873*** 0.254** 1.877*** 2.031*** 0.366** 2.030***
(0.147) (0.124) (0.146) (0.158) (0.154) (0.164)
R-sq. 0.26 0.23 0.27 0.23 0.28 0.24 0.28 0.25
N 18,678 18,189 18,175 18,175 17,277 16,852 16,833 16,833
F-value 244.5 256.8 120.3 129.9 237.9 240.1 117.9 122.7
Meng and Qian (2009) Ours
Measure of famine severity Average county level cohort size of survivors born during the famine in 1990 Provincial-level excess death rates
IV Sown area and grain suitability in 1997 Weather variables
Advantage County-level measure of famine (more disaggregated, i.e., more variation to
precisely identify the eﬀects of the China Famine)
Varies over time and province (contrary to the time-invariant
grain suitability and sown area used by Meng and Qian)
Disadvantage 1. Population size in 1990 may not correctly measure the severity of the famine
during 1959–61
Only available at province-year level (i.e., not country level)
2. The size of sown area and grain suitability in 1997 could be diﬀerent
from those during the famine period
Notes: (1) Dependent variable is number of excess death rates. In the table, we multiply coeﬃcients on weather dummies by 1,000 for the convenience of the presentation. t-statistics are in parentheses.
(2) Omitted dummy variables are Weather Very Bad.
(3) F-values for all speciﬁcations strongly reject the null hypothesis that the IV’s are weak instruments, using the test developed in Stock and Yogo (2001).
(4) The regression includes all exogenous variables used in the second stage regression.
(5) Comparison of the choice of instrumental variables between Meng and Qian (2009) and ours.
(6) ***, **, and * indicate that coeﬃcient estimates are signiﬁcantly diﬀerent from zero at the 1%, 5%, and 10% level, respectively.
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Column 2 reports OLS estimation results for the speciﬁca-
tion that includes only father’s EDR. Father’s EDR is signif-
icantly negatively associated with entrance into junior
secondary school, and its coeﬃcient is somewhat smaller than
that of mother’s EDR. When both mother’s and father’s EDR
are included (column (3)), their estimated coeﬃcients are
somewhat smaller in magnitude than when they stand alone
but retain their statistical signiﬁcance.
In regressions not reported here, but which are available on
request, the OLS estimates of the mother’s and father’s EDR
are quite robust to inclusion of a number of socio-economic
status (SES) variables including migration status, parental
school years, housing type and size, and number of children
in the family. The estimates are consistent with hypotheses
that (i) family SES, negatively associated with the China Fam-
ine, contributes to lower secondary school participation for
male youth; (ii) residing in a province other than mother’s
birth province is signiﬁcantly negatively associated with male
oﬀspring’s entering junior secondary school. The estimated
impacts of mother’s and father’s EDR remains signiﬁcant
and fall in magnitude by a little less than one-fourth compared
to the speciﬁcations when only mother’s or only father’s EDR
is a regressor. Regression results are robust to alternative spec-
iﬁcations of the timing of malnutrition impact. When mother’s
EDR is related to the ﬁrst- and second years after her birth
and this additional variable is included in a regression along
with in utero EDR, the estimated coeﬃcient of in utero EDR
is about the same. In addition, we have estimated all reported
regressions using samples that consist of the subsets of
mother-only and father-only families (when we regress school
entrance on either mother’s or father’s EDR, respectively).
Our basic results are robust.
The 2SLS estimation results for male youth are shown in
columns (4)–(6). The estimated coeﬃcient for mother’s instru-
mented EDR is more than 4 times larger than its OLS counter-
parts, with or without the inclusion of father’s EDR. The
estimated impact of one standard deviation increase in EDR
is to reduce entrance into junior secondary school by approx-
imately 6% in column (6). In contrast, the estimated coeﬃcient
for father’s instrumented EDR is negligible in both magnitude
and statistical signiﬁcance, standing alone or alongside
mother’s EDR. When the sample is expanded to include urban
residents with rural hukou and all urban residents (columns 14
and 15), respectively the magnitude of the 2SLS coeﬃcients of
mother’s EDR falls by about up to 30% but remains statisti-
cally signiﬁcant, with p-value less than 5%. The Sargan statis-
tic for all 2SLS regressions is consistent with the hypothesis
that the second stage error term is uncorrelated with our
instruments. 12
The increase in magnitude of the 2SLS estimate of mother’s
EDR compared to its OLS counterparts is robust to a variety
of alternative speciﬁcation of additional regressors. We inter-
pret this increase in magnitude as support for the hypotheses
that (i) there is signiﬁcant error in the un-instrumented EDR
variable as a proxy for the impact of famine on maternal mal-
nutrition and (ii) attenuation bias outweighs any bias in the
opposite direction due to association of the observed EDR
with unobserved time-varying province-level factors that both
aﬀected local famine severity and contributed to inferior pro-
vision of schooling, health, and related social infrastructure.
We believe that we identify a signiﬁcant maternal impact of
the China Famine on male youth born of mothers who were
in utero during the China Famine.
The striking reduction in the magnitude and signiﬁcance of
father’s EDR in the 2SLS estimation, even when it is the sole
regressor, implies that we fail to identify a paternal impact of
the China Famine on second-generation male youth. Failure
to identify a paternal famine impact in the second generation
may at ﬁrst appear to be inconsistent with the existence of a
second-generation impact on the schooling of male youth.
But, as Almond et al. (2010, chap. 9) show, not only were
the ﬁrst-generation impacts of the famine more severe for boys
than for girls, but also the more severely impacted ﬁrst-gener-
ation males were less likely to marry. It seems plausible that
this selection bias was magniﬁed by the excess ratio of male
to female births in China. Almond et al. (2010, chap. 9) docu-
ment a decrease in the number of “excess” male births result-
ing from the China Famine, which they attribute to a Trivers–
Willard eﬀect, but as Coale and Banister (1994) document, the
male–female birth ratio remained substantial among cohorts
born during the Famine period. Since there are more men than
women, and women need not marry men in whom they per-
ceive inferior social, physical, or mental characteristics. Thus,
our estimate of the paternal famine impacts may be biased to-
ward zero in magnitude, because the more severely impacted
ﬁrst-generation male youth have had less opportunity to pass
their traits to a second generation.
(b) Female youth
OLS estimation results for female youth entering junior sec-
ondary school are similar in sign to those for males, but gen-
erally smaller in magnitude and less precisely estimated.
Similarly to estimates for male youth, the estimated coeﬃ-
cients of instrumented mother’s EDR are much larger than
their OLS counterparts; a one standard deviation increase
EDR reduces the probability of female youth entering junior
high school by between ﬁve and seven percentage points,
depending on whether father’s EDR is included as a regressor.
The estimated coeﬃcient for father’s EDR becomes negligible
in 2SLS estimation, as it does in the regressions for male youth
and also remains negligible in the larger samples that include
urban residents. 13 When the sample is expanded to include ur-
ban residents with rural hukou and all urban residents (col-
umns 17 and 18), the magnitude of the 2SLS coeﬃcients of
mother’s EDR falls by up to about 20% but remains statisti-
cally signiﬁcant, with p-value less than 5%. The Sargan statis-
tic for all 2SLS regressions is consistent with the hypothesis
that the second stage error term is uncorrelated with our
instruments.
7. CONCLUDING REMARKS
Researchers have found that the eﬀects of early life malnu-
trition are durable, widespread, and last through the adult
lives of those who suﬀered malnutrition in utero (the ﬁrst gen-
eration). We investigate whether similar adverse outcomes are
found in the second generation: children born of the ﬁrst-gen-
eration mothers. The China Famine, a tragic event in world
history, provides a unique opportunity to examine the link be-
tween malnutrition and social, economic, and health outcomes
of those who experience malnutrition in utero or in infancy
and of their progeny. Our empirical strategy, consistent with
studies based on famine data, is to use an indirect measure
of malnutrition, the excess death rate by year, month, and
province of birth for the (ﬁrst-generation) parents in our sam-
ple.
To deal with the possibility of measurement error and omit-
ted variable bias, we have estimated all regressions using both
OLS and 2SLS procedures. Our IVs come from data on pro-
vincial weather conditions obtained from written records sup-
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plemented where necessary by recall of current local weather
experts. In addition, we include dummy variables for parents’
birth province and birth year in all regressions.
We ﬁnd that youth whose mothers were aﬀected by the Chi-
na Famine are signiﬁcantly less likely to enter junior second-
ary school by 5–7 percentage points if excess death rates
increase by one standard deviation, which is similar in magni-
tude to the diﬀerence in death rates between the provinces with
the highest lowest death rates in the peak year of the China
Famine.
Our research supports the existence of an important magni-
ﬁer for policies that support the nutrition of pregnant women
and infants in any country where nutritional deﬁciencies re-
main. According to the 2009 United Nations Millennium
Development Goals Report, one-quarter of children in the
developing regions are underweight and more than one-third
of child deaths worldwide are associated with under-nutrition.
China, recognizing the importance of the child malnutrition is-
sue, has recently taken steps to improve the nutritional status
of children. One example is that the National Program of Ac-
tion for Child Development in China aims to reduce the exam-
ple is that the National Program of Action for Child
Development in China aims to reduce the number of malnour-
ished children under age 5 by a 25% in 2010. If policy makers
do not take into account these second-generation eﬀects of
early-life malnutrition, they are likely to underestimate the
long-term beneﬁts of their pro-nutrition policy interventions.
We have identiﬁed signiﬁcant eﬀects of fetal malnutrition
last into the second generation, and our estimates do not cap-
ture the full impact over the full lifetimes of those aﬀected. To
measure these eﬀects, it would be necessary to follow the sec-
ond-generation impacts into adulthood, middle-, and old age.
Such research would require data for mother’s birth place of
second-generation youth and adults who no longer live with
their parents, and it would require observing the current sec-
ond generation, most of whom are still young, through their
life cycles. Impacts on the development of chronic physical
and mental illnesses in the second generation remain to be
identiﬁed.
NOTES
1. The regression results are very robust to the inclusion of birth month
dummies. EDR is calculated as the diﬀerence between the annual
provincial death rate and the mean provincial death rate between 1956-
1958 following Chen and Zhou (2007).
2. Lin and Yang (2000) show that mortality rates and birth rates are
negatively correlated in rural areas as well as at national level.
3. We thank Scott Rozelle for emphasizing this point. One of the causes
of local food insuﬃciency was over-reporting of production, which led to
increased grain forced procurement. (Li & Yang, 2005 and other
references document the importance of excessive forced procurement.)
4. We are grateful to the authors for generously providing these data.
5. Meng and Qian (2009) use another set of instrumental variables. We
compare our IVs with theirs in the notes to Table 4.
6. Chongqing is treated as part of Sichuan. It was upgraded to
metropolitan status in 1997. Hainan could be treated as part of
Guangdong, but it was upgraded to a province in 1988, much earlier.
We choose to delete Hainan to avoid errors that would occur over a much
longer stretch of the time period covered in our data than would be case
for Chongqing and Sichuan.
7. We estimated similar regressions using the 2005 mini Census, treating
hukou province as birth province; the estimation results are generally
similar.
8. Since women tend to marry older men, we allow fathers to be born in
the period 1950 through 1966. However, the estimation results are similar
whether we use diﬀerent birth year bands for fathers.
9. We checked the robustness of our results to an alternative sample-
period speciﬁcation in which the birth-year window is 1956 through 1964
(a shorter birth-year window). The results are in general similar or
stronger.
10. We show only the values of mean EDR for the samples of rural
males, because the values of this variable diﬀer by very little across the
various subsamples. While mean EDR is by deﬁnition 0 when the units of
observation are provinces and years, it can deviate from 0 due to sample
variation in birth dates and number of oﬀspring born in each year and
province.
11. The standard deviation of EDR in all subsamples is approximately
.005, which is somewhat smaller than the diﬀerence between mean EDR at
the height of the Famine and its mean in non-Famine years.
12. When both mother and father’s EDR are included in the expanded
samples, the 2SLS regression coeﬃcients are somewhat smaller than in the
rural-only sample and retain statistical signiﬁcance.
13. There is no evidence in the correlation matrix of regressors that the
decline in statistical signiﬁcance when both parents’ instrumented EDRs
are regressors is due to high correlation between these variables.
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